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Geoscience educators have long considered field 
trips to be the best way of drawing students into 
the discipline (e.g., Orion and Hofstein 1994; Tal 
2001; Fuller 2006; Kastens et al. 2009; Mogk and 
Goodwin 2012). However, field trips often are not 
possible in high-enrollment introductory geosci-
ence courses (e.g., McGreen and Sanchez 2005; 
Cook et al. 2006; Bandiera et al. 2010; Whitmeyer 
and Mogk 2013). With advances in mobile tech-
nology over the past two decades, educators have 
found that a variety of learners can benefit by 
visually and even physically interacting with virtual 
representations of the real world (Stainfield et al. 
2000). In the last decade, these types of interactive 
virtual or augmented reality experiences have been 
increasing in abundance and quality within STEM 
(science, technology, engineering, mathematics) 
fields (e.g., Spicer and Stratford 2001; Liarokapis et 
al. 2004; Stumpf et al. 2008; Yuen et al. 2011; Prin-
gle 2013; Bursztyn, Shelton et al. 2017; Bursztyn, 
Walker et al. 2017). 
Based on my experience teaching introductory ge-
ology courses at various types and sizes of postsec-
ondary institutions since 2001, the impact of a field 
trip on student learning comes from the opportu-
nity for students to apply their classroom content 
learning to the real world by observing rocks and 
geologic structures in situ. The motivation for my 
foray into digital learning tools a decade later was 
twofold: (1) to facilitate the field trip experience 
for my future self and for other instructors facing 
the “big class challenge” (university classes with 
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enrollment of 100–500 students), and (2) to em-
brace, rather than ban, the use of smartphones in 
my classes. 
Grand Canyon Expedition (GCX) was launched 
in 2012 as a series of three smart-device apps to 
teach introductory geoscience concepts through 
augmented reality field trips. After their launch, 
we assessed these apps for their impact on student 
engagement (Bursztyn, Shelton et al. 2017) and on 
student learning (Bursztyn, Walker et al. 2017). The 
testing phase alone initially resulted in introducing 
GCX as a learning tool to nearly 1,000 students 
(and their respective instructors) at four institu-
tions in different states. Following the publication 
Theme Articles
Community college geology field trip to the Mojave Desert, California, circa 
2008. Two students “getting a taste for” geology as they lick their freshly 
collected sample of salt crust from a dry lake bed.
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and presentations of the results in journals and at 
conferences, several other instructors at additional 
institutions began using these apps in their classes 
as well. Having noticed students struggling to ob-
serve geologic features pointed out to them, even 
while on a field trip, formed part of my initiative 
for collecting student free-response feedback from 
their digital experience. This work led to a chapter 
titled “I Felt Like a Scientist” in America’s Largest 
Classroom that explores qualities of mobile learn-
ing and the potential for using it for place-based 
education (Bursztyn et al. 2020).
When the apps were first developed, we thought 
about them from the perspective of assessing their 
educational value, not the longevity of the product, 
consequently our budget did not include fund-
ing for the app maintenance that is required with 
operating system updates over time. Thus, seven 
Community college geology field trip to the San Andreas Fault, California, circa 
2006. Three students showcase the “sticking power” of what they learned 
about porous Earth materials.
Community college students walking the soccer field with cell phones in hand. 
All students are playing GCX.
University students standing, walking, and biking the quad with cell phones in 
hand. Some students are playing GCX (can you identify which? I can’t).
Screenshot of the GCX app on Geologic Time showing the format of the screen. 
Upper third: playable imagery with audio narration from Grand Canyon. Middle 
third: written script of the narration along with a question the student has to 
answer related to that material. Lower third: multiple-choice-answer buttons 
the student must choose from to respond.
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Finally, disappointingly—but consistent with other 
research in this field (e.g., Ebner and Holzinger 
2007; Stumpf et al. 2008; Jacobson et al. 2009)—
there was no statistically significant evidence of 
learning gains that resulted from the inclusion of 
the apps in course curriculum.
Lesson 2: There is a lot more to digital learning 
than we understand at the moment, and it needs to 
be explored further.
In 2016, the National Park Service (NPS) celebrat-
ed its centennial. As a part of its education mis-
sion, NPS set a “go digital” goal to help it broaden 
its reach with new audiences by using digital 
platforms. It struck me that some of the student 
engagement gains that we were seeing with GCX 
might be a good launching pad for learning gains 
if the learners were already engaged. With this in 
mind, I started the Yosemite: A Story of Fire and 
Ice (YFI) project. YFI started with two shifts in 
project direction. The first was in target audience, 
from formal university education to informal 
public education; the second was in product objec-
tive, from class engagement to making a roadside 
geology educational tour for visitors in Yosemite 
National Park. Since tourists are visiting places 
they are already curious about, YFI was designed to 
digitally apply geoscience content to these natural 
spaces and showcase rock textures and features 
that are important for geologic interpretation. YFI 
went live in 2019 and takes advantage of an existing 
platform and app developer that will take care of 
updates and maintenance. 
Lesson 3: The objective of assessing and reflecting 
on one’s work is to improve upon and learn from it.
As with many STEM practitioners, geoscientists 
have made use of digital technology advances in re-
cent decades, and have found applications for these 
tools within our field. However, the application 
and development of such technologies for geosci-
ence education and outreach has happened much 
years after the initial release, GCX no longer can 
be hosted by the Apple App Store or Google Play 
until critical software compatibility updates are 
made. This, of course, requires additional fund-
ing. I am not sure of the exact number of users 
beyond GCX’s testing phase, but when the series 
was removed from the app stores, the number of 
inquiries regarding the app in my email inbox sug-
gested that it was more than double the number of 
geoscience instructors I knew were using them—
each educating a significant number of geoscience 
students.
Lesson 1: In the fast-paced world of digital appli-
cations, think about the future, and budget accord-
ingly.
Within the context of the studies, three main find-
ings emerged from our research. First, the imple-
mentation of the GCX apps within an introductory 
geoscience course resulted in increased student 
engagement. Second, there were distinct patterns 
of positive experiences within student feedback 
in the context of playing GCX. We derived this 
second finding from applying the learning frame-
work qualities of personalization, collaboration, 
and authenticity to student free-response feedback. 
This framework helped to uncover evidence that 
students became involved in the activity in a per-
sonal, competitive, and collaborative ways. These 
were, unexpectedly, quite different from the ways 
they operated within traditional group-work lab ac-
tivities. This difference in experience (GCX inter-
action over traditional lab) seems to have made the 
material more important to them. The following 
are example quotes from students: 
“Walking around and discovering land-
marks with fitting questions really gave it 
an immersive feel.”
“Real life application of geology was fun.” 
“I had fun inspecting the walls of the can-
yon and investigating like a geologist.” 
“The best part for me was actually getting 
out of the classroom and interacting with 
all my peers. The whole virtual experience 
was great and we got to learn in a different 
way.”
“I had fun inspecting the walls 
of the canyon and investigating 
like a geologist.” 
PSF  36/2  |  2020        244
References
Bandiera, O., V. Larcinese, and I. Rasul. 2010. The 
impact of class size on the performance of univer-
sity students. VOX, CEPR’s Policy Portal. London: 
Centre for Economic Policy Research.
Bursztyn, N., R. Goode, and C. McDonough. 2020. 
“I felt like a scientist”: Undergraduate student per-
ceptions of learning geoscience using mobile virtu-
al field trips. In J.L. Thompson and A.K. Houseal, 
eds. America’s Largest Classroom: What We Learn 
from Our National Parks. Berkeley, CA: University 
of California Press.
Bursztyn, N., B. Shelton, A. Walker, and J. Peder-
son. 2017. Increasing undergraduate interest to 
learn geoscience with GPS-based, augmented real-
ity field trips on students’ own smartphones. GSA 
Today 27(5): 4–11.
Bursztyn, N., A. Walker, B. Shelton, and J. Peder-
son. 2017. Assessment of student learning using 
augmented reality Grand Canyon field trips for 
mobile smart-devices. Geosphere 13(2): 1–9. 
doi:10.1130/GES01404.1.
Cook, V.A., D. Phillips, and J. Holden, J. 2006. 
Geography fieldwork in a “risk society.” Area 38(4): 
413–420.
Ebner, M., and A. Holzinger. 2007. Successful im-
plementation of user-centered game based learning 
in higher education: An example from civil engi-
neering. Computers & Education 49: 873–890.
Fuller, I.C. 2006. What is the value of fieldwork? 
Answers from New Zealand using two contrasting 
undergraduate physical geography field trips. New 
Zealand Geographer 62: 215–220.
Jacobson, A.R., R. Militello, and P.C. Baveye. 2009. 
Development of computer-assisted virtual field 
trips to support multidisciplinary learning. Comput-
ers & Education 52: 571–580. 
Kastens, K.A., C.A. Manduca, C. Cervato, R. Fro-
deman, C. Goodwin, L.S. Liben, D.W. Mogk, T.C. 
Spangler, N.A. Stillings, and S. Titus. 2009. How 
geoscientists think and learn. Eos 90(31): 265–272.
more slowly. Furthermore, geoscience learners 
everywhere are constrained by geography—from 
glaciated plains in Iowa and overgrown marshlands 
in South Carolina to the confines of a car on a road 
trip. The GCX and YFI example apps, described 
in this essay, demonstrate the power of digital 
technologies to affordably and effectively transmit 
the concepts of geology as well as that of changes 
throughout geologic time to learners anywhere. Thus, 
we view this type of digital experience as the ac-
cessible open window, in both formal and informal 
spaces, to learning how to see the world more like a 
geoscientist—and, to get excited about it. 
Screenshot of the YFI app showing the format of the screen. Upper half is a 
slideshow of images of the location—all with either overlays or cartoons that 
illustrate the geologic past of the area. Lower half is accompanying written 
narrative that also plays as audio.
PSF  36/2  |  2020        245
Liarokapis, F., N. Mourkoussis, M. White, J. Darcy, 
M. Sifniotis, P. Petridis, A. Basu, and P.F. Lister. 
2004. Web 3D and augmented reality to support 
engineering education. World Transactions on Engi-
neering and Technology Education 3(1): 11–14. 
McGreen, N., and A.I. Sánchez. 2005. Mapping 
challenge: A case study in the use of mobile phones 
in collaborative, contextual learning. In P. Isaoas, 
C.  Borg, P. Kommers, and P. Bonanno, eds. IADIS 
International Conference Mobile Learning. Qawra, 
Malta: International Association for the Develop-
ment of the Information Society, 213–217.
Mogk, D.W., and C. Goodwin. 2012. Learning in the 
field: Synthesis of research on thinking and learn-
ing in the geosciences. In K.A. Kastens and C.A. 
Manduca, eds., Earth and Mind II: A Synthesis of 
Research on Thinking and Learning in the Geosciences. 
Geological Society of America Special Paper 486, 
131–164. doi:10.1130/2012.2486(24).
Orion, N., and A. Hofstein. 1994. Factors that 
influence learning during a scientific field trip in a 
natural environment. Journal of Research in Science 
Teaching 31: 1097–1119.
Pringle, J.K. 2013. Educational environmental 
geoscience e-gaming to provide stimulating and 
effective learning. Planet 27(1): 21–28.
Spicer, J.I., and J. Stratford. 2001. Student per-
ceptions of a virtual field trip to replace a real 
field trip. Journal of Computer Assisted Learning 17: 
345–354.
Stainfield, J., P. Fisher, B. Ford, and M. Solem. 
2000. International virtual field trips: a new di-
rection? Journal of Geography in Higher Education 
24(2): 255–262.
Stumpf, R.J., J. Douglass, and R.I. Dorn. 2008. 
Learning desert geomorphology virtually versus in 
the field. Journal of Geography in Higher Education 
32: 387–399.
Tal, R.T. 2001. Incorporating field trips as science 
learning environment enrichment—an interpretive 
study. Learning Environments Research 4: 25–49.
Whitmeyer, S., and D. Mogk. 2013. Safety and liabil-
ity issues related to field trips and field courses. Eos 
94(40): 349–351.
Yuen, S., G. Yaoyuneyong, and E. Johnson. 2011. 
Augmented reality: An overview and five directions 
for AR in education. Journal of Educational Technolo-
gy Development and Exchange 4(1): 119–140.
